Background/Aims: Protein energy wasting (PEW) is a common medical phenomenon that is observed in maintenance dialysis patients. PEW also increases morbidity and mortality of these patients. Its pathogenesis is unclear. We hypothesize that serum irisin levels and volume overload may induce PEW in peritoneal dialysis (PD) patients. The aim of this study is to measure serum irisin levels, evaluate volume status of PD patients, and study their correlations with PEW in PD patients. Methods: This study is a cross-sectional study with 160 PD patients from the PD center of Peking University Third Hospital and 35 healthy control subjects. PD patients were divided into PEW group and non-PEW group according to PEW diagnosis criteria. Serum irisin concentrations were measured by ELISA. Volume overload status (volume overload is defined as overhydration value ≥2 liters) of PD patients was analyzed by bioelectrical impedance. Results: The serum irisin levels were significantly lower in PD patients compared with those of the controls (113.2±11.8 ng/ml vs. 464.2±37.4 ng/ml, P<0.01). The serum irisin levels were lower in PD patients with PEW than those of the patients without PEW (106.5±15.2 ng/ml vs. 117.4±17.6 ng/ml, P<0.01). PEW is more prevalent in patients with volume overload than patients without volume overload (62.5% vs. 43.1%, x 2 =5.756, P=0.016); however, no direct relationship was found between irisin levels and volume overload status. The independent influencing factors of PEW were serum irisin, serum albumin, and volume overload. Conclusion: Our results are the first to provide clinical evidence of the association between serum irisin, volume overload, and PEW in PD patients. PEW may inhibit the release or synthesis of irisin from skeletal muscles, and volume overload may aggravate PEW in PD patients.
Introduction
Protein energy wasting (PEW) is prevalent among chronic kidney disease (CKD) patients and dialysis patients, and it is a marker of complications that lead to adverse outcomes in those patients [1, 2] . Causes of PEW are complex, including uremia, dialysis intervention (nutrient loss and bio-incompatibility), inadequate nutrient (protein and energy) consumption, hypermetabolism (micro-inflammation), hormone dysregulation (hyperparathyroidism, insulin resistance, and insulin growth factor 1 resistance), as well as social and psychological factors [1] [2] [3] . The pathogenesis of PEW is unclear.
Irisin is an adipomyokine that was first identified in 2012. The precursor of irisin is fibronectin type III domain containing 5 (FNDC5). Irisin can increase energy expenditure by breaking down body fat and converting it into brown adipose tissue. In regard to whether the synthesis and secretion of irisin is influenced by the presence of CKD, some studies found that irisin levels were relatively lower in CKD patients, including maintenance dialysis patients, when compared to those of the healthy subjects [4, 5] . In our previous study, we found that urotensin Ⅱ and irisin are correlated with PEW in hemodialysis patients [6] . However, there is not enough study present that can elucidate irisin's role in peritoneal dialysis (PD) patients.
On the other hand, volume overload is a frequent complication in PD patients, and has been an independent predictor of all-cause or cardiovascular mortality in patients on dialysis. Malnourished patients with CKD will be more susceptible to volume overload compared with well-nourished patients [7] . However, it is not reported whether volume overload is associated with irisin levels in PD patients. We hypothesize that serum irisin levels and volume overload may induce PEW in PD patients. Additionally, volume overload may inhibit the synthesis and secretion of irisin from skeletal muscle, which aggravates PEW. The aim of this study is to investigate the relationships between serum irisin levels, volume overload, and PEW in PD patients.
Materials and Methods

Study population
From July 2016 to September 2016, 160 clinically stable PD patients were recruited from Peking University Third Hospital. Patients were eligible for inclusion if they (1) had been on peritoneal dialysis for at least 3 months; (2) agree with participating in this study. The exclusion criteria are that patients (1) have heave proteinuria (>3.5g/d); (2) have concurrent diagnosis of hepatic cirrhosis or inflammatory diseases, such as acute infective peritonitis; (3) are in clinically unstable conditions with life expectancy that is less than 6 months. 35 healthy subjects were selected as the control group. All subjects provided written informed consent. The protocol of this study was approved by Peking University Third Hospital ethical committee.
Assessment of biochemical parameters (irisin included)
Participants' blood samples were collected after fasting for 12h. We collected the blood and anthropometric data in the subsequent week. Parts of the serum and plasma were stored at −80℃ and were not thawed until analysis. Serum irisin concentrations were measured using enzyme-linked immunosorbent assay (ELISA) kits (Phoenix Pharmaceuticals, Burlingame, CA, USA) in accordance with the manufacturer's instructions. The sensitivity of the assay was 0.1ng/ml and the linear range of the standard was 0.1-1000ng/ ml. The intra-and inter-assay coefficients of variation (CV) were 4.5% and 8%, respectively.
Hemoglobin was measured by colorimetry. Serum creatinine was measured by picrate method, and uric acid (UA) was measured by uricase method. Serum albumin was determined by exploring bromocresol green method. Serum total cholesterol (T-CHO), low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), and high-density lipoprotein cholesterol (HDL-C) were measured enzymatically. Fasting blood glucose (FBG) was determined by glucose oxidase method. We collected 24 hours urine of PD patients that have more than 200 ml of urine within 24 hours, and 24 hours dialysate effluent of all PD patients. 24 hours urinary protein excretion and dialysate protein loss were measured by biuret method.
Body composition measurement
152 PD patients and all the healthy subjects measured body composition by Body Composition Monitor (BCM, Fresenius Medical Care AG&CO., KGaA D-61346 Bad Homburg, Germany). We collected data including volume status defined by overhydration value (OH, L), body mass index (BMI, kg/m2), body fat (% and kg), lean body mass (kg), and muscle mass (kg). To evaluate volume status of dialysis patients, OH has been proved to be reasonable [8, 9] . According to our unit's previous study [10] , we defined OH value higher than 2 liters as the cutoff threshold for volume overload in this study.
Physical activity assessment
The subjects' physical activity was assessed according to the international physical activity questionnaire (IPAQ) long forms [11] . All the recruited subjects did not exercise intentionally. Physical activity types consist of work-related activity (walking, moderate physical activity, and vigorous physical activity), transportation-related activity (walking and bicycling), domestic and garden-related activity (moderate physical activity and vigorous physical activity), as well as leisure-related activity (walking, moderate physical activity, and vigorous physical activity). Walking: METs=3.4METs*walking time; moderate physical activity: METs=4METs*activity time; vigorous physical activity: METs=8 METs*activity time. For calculating the subject's total physical activity, the formula is as follows: METs=sum of total work +total transport +total domestic and garden+total leisure time MET-minutes/week scores.
Assessment of protein energy wasting (PEW)
According to the International Society of Renal Nutrition and Metabolism (ISRNM) diagnostic criteria of PEW [12] , indicators of PEW consist of 4 main categories :1) Biochemical parameters: serum albumin < 38 g/L, or total cholesterol<100 mg/dL; 2) Body mass: body mass index (BMI) < 23.0 kg/m2, unintentional weight loss (5% over 3 months or 10% over 6 months), or total body fat percentage <10%; 3) Muscle mass: reduced muscle mass ( 5% over 3 months or 10% over 6 months), or reduced mid-arm muscle circumference area (reduction >10% in relation to 50th percentile of reference population); and 4) Dietary intake: unintentional low DPI( <0.80 g kg-1 day-1 for at least 2 months), or unintentional low DEI (<25 kcal kg-1 day-1 for at least 2 months). Dietary assessment was performed by a dedicated dietitian on the basis of PD patients' dietary records for 3 days. Dietary protein intake was calculated and normalized with each patient's ideal body weight (kg), i.e. height (cm) minus 105. At least three out of the four categories and at least one test in each of the categories must be satisfied for the diagnosis of PEW.
Statistical analysis
Data was expressed as means ± standard deviation for normal distribution data or median (25%-75% quartile) for non-normal distribution data. To compare the differences of numerical variables in two groups, we used independent Student's t-test for normal distribution, and non-parameter test for non-normal distribution. Chi-square test was used to compare categorical variables. For covariance analysis, Pearson correlation analysis and Spearman correlation analysis were used. Binary logistic analysis was performed to analyze the risk factors. All statistical analyses were performed using the statistical package 17.0 (IBM, Armonk, NY, USA).
Results
Comparison of clinical characteristics (consisting of serum irisin) between PD patients and normal control subjects
The clinical characteristics and biochemical data of PD patients and the control group were summarized in Table 1 . There were 77 males and 83 females in PD group. The primary renal diseases of the PD patients were diabetic nephropathy (42 patients), chronic glomerulonephritis (52 patients), hypertensive glomerulosclerosis (14 patients), chronic interstitial nephritis (17 patients), renal atherosclerosis (6 patients), other causes (13 patients), and unknown causes (16 patients). Mean dialysis treatment vintage was 55±41 months.
PD patients had higher level of systolic blood pressure, serum uric acid, serum creatinine, calcium，phosphate, triglyceride, body fat proportion, and body fat mass than those of the healthy subjects. In contrast, hemoglobin, serum albumin, HDL-ch, serum irisin, IPAQ scores, BMI, lean body mass and muscle mass were significantly lower (P < 0.05) in PD patients in comparison to those of the normal controls.
Correlated analysis of irisin with other parameters in PD patients
In PD patients, bivariate correlation analysis revealed that serum irisin was negatively correlated with LDL-ch (r=-0.177, P=0.026), body fat mass (r=-0.227, P=0.002), and body fat proportion (r=-0.279, P<0.001), but was positively correlated with age (r=0.161, P=0.028), muscle mass (r=0.284, P=<0.001), and lean body mass (r=0.271, P=<0.001). We did not observe a significant correlation between irisin, sex, hemoglobin, KT/V, BMI, serum creatinine, serum uric acid, and HDL-ch. In addition, serum irisin levels were not correlated with international physical activity scores in our current study ( Table 2) .
Comparison of parameters (consisting of irisin) between PD patients with PEW and without PEW
Our data showed that irisin level is lower in PEW group when compared to that of non-PEW group. PEW group tend to be older, while serum albumin, serum creatinine, and muscle mass are lower in comparison to those of non-PEW group. Additionally, volume overload proportion and hs-CRP in PEW group are significantly higher than those of non-PEW group. Less than 1/3 (52/160）PD patients had residual kidney function. Our results showed that there was no difference in dialysate protein loss between PEW group and non-PEW group, and there was no difference in proteinuria levels between PEW group and non-PEW group (Table 3) .
Prevalence of four diagnostic components of PEW is as follows: Low serum albumin was 79.5%; Low body mass in PEW was 48.2%; Prevalence of muscle mass loss in PEW was 72.3%; Low ideal DPI or ideal DEI was 62.7%. 
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Comparison of clinical parameters between volume overload (OH≥2 liters) group and normal volume (OH<2 liters) group in PD patients
We observed no significant difference of serum irisin level between volume overload (OH≥2 liters) group and normal volume (OH<2 liters) group in PD patients. In OH≥2liters group, the proportions of male patients and diabetes mellitus are higher than those of OH<2 liters group. In addition, hemoglobin, systolic blood pressure, hs-CRP, muscle mass, and lean (Table 4) .
Bivariate logistic regression analysis of the determinant factors of PEW in PD patients
A bivariate logistic regression model (the variables entered by univariate analysis P≤0.1 or those variables suspected to be correlated with PEW) was conducted to assess which kinds of clinical factors were independently associated with PEW. The results showed that serum irisin, serum albumin, volume overload, and muscle mass were independently associated with PEW, while age, diabetes mellitus and hs-CRP were excluded from our model ( Table 5) .
Discussion
Naicker et al. reported a very high prevalence of PEW (76.2%) [13] in PD patients. Similarly, Prasad et al [14, 15] . verified that 74.91% of PD patients had malnutrition in Indian population. In our current study, 51.9% of PD patients had PEW. The prevalence is lower when compared to other cross-sectional studies. The exact reason is unclear for the differences of results. Causes of PEW in PD patients are complex, including low energy intake induced by anorexia, loss of nutrients due to dialysis, dietary restriction, increased protein catabolism, acidosis [15] , as well as severe peritoneal protein loss which is aggravated due to peritoneal infections [16] . At present, the pathogenesis of PEW is still unclear. Our previous study proved that serum irisin levels of hemodialysis patients are lower in comparison to those of the healthy controls [6] . In our current study, PD patients also have lower irisin levels than the healthy subjects in the control group. Possible reasons for this finding are sarcopenia, which is common in CKD patients, with decrease of irisin production from muscle cells, and indoxyl sulfate-induced inhibition of the expression of FNDC5, which is the precursor of irisin [17] . Ebert T et al. reported correlations between irisin and LDLch, TCHO (inverse correlation) [5] . In our study, serum irisin levels are correlated with LDL-ch (inverse correlation), body composition markers like muscle mass, lean body mass (positive correlation), and body fat mass (inverse correlation). This can be explained by the fact that muscle cells are the main source of circulating irisin even though fat can also secrete this factor. We may consider it subordinate in PD patients. While it was suggested that exercise can stimulate the synthesis of irisin [18] , the effects of chronic exercise on irisin still remain controversial. Under the condition that no PD patient was put on intentional exercise regimen, we assessed the subjects' physical activity and found lower IPAQ scores of PD patients compared to those of healthy controls; however, no direct correlation was found between serum irisin and IPAQ scores in PD patients. Even though PD patients had lower serum irisin levels, we tend to believe that exercise may not be a main regulating factor of irisin. Reduced irisin levels were observed in malnutrition subjects with other diseases such as chronic heart failure and anorexia nervosa [18, 19] . He et al. found that hemodialysis patients with PEW had lower irisin level than those without PEW; meanwhile, lower irisin levels were correlated with PEW [6] . In our current study, we are the first to verify that serum irisin levels are significantly lower in PD patients with PEW compared to those without PEW, and serum irisin is an independent predictor of PEW in PD patients. Reduced muscle mass might be the cause of lower irisin levels in PD patients with PEW. As a myokine factor, irisin regulates skeletal muscle metabolism, which reduces muscle atrophy in mice [20] . Moreover, it was observed that the decrease of myosin type II expression was completely prevented by r-Irisin administration in mice. With the animal experiment results，we may speculate that irisin can be used as a new treatment method for PEW in CKD patients, and this is worthy of further study.
Another important question is whether proteinuria is associated with PEW. In fact, when we diagnosed hypo-albumineia (<38 g/L), we excluded heavy proteinuria and hepatic cirrhosis; moreover, there was no difference in proteinuria levels between PEW group and non-PEW group. We want to elucidate whether dialysate protein loss is associated with PEW. Our results showed that there was no difference in dialysate protein loss between PEW group and non-PEW group. In our previous study, we found that serum irisin levels were negatively associated with proteinuria in diabetic nephropathy patients [21] . In our current study, we did not demonstrate the association between serum irisin and proteinuria, which may be because we excluded PD patients with heavy proteinuria and only few patients had residual renal function.
The IPOD-PD study [22] showed that volume overload >1.1 L occurred in 56.5% of PD patients. We found that the prevalence of volume overload by bioimpedance analysis in PD patients was 52.6%, which is similar to the reported proportion. Our results verified that male to female ratio was higher in volume overload group than that of normal volume group, which may be explained by men's relatively poor compliance to control their dietary intake of sodium and water. In regard to the relationship between volume overload and PEW in PD patients, a positive correlation was suggested with the explanation that volume overload acts as an inflammatory stimulus by immune activation resulting from poor tissue perfusion, which was supported by our result of hs-CRP, and bowel edema-induced translocation of bowel endotoxins into the circulation [23] . Moreover, volume overload is also an independent predictor of PEW. However, there is no significant difference in irisin levels between normohydration group and overhydration group, so we speculate that volume overload may not induce PEW through affecting myokine irisin pathways in PD patients.
There are several limitations in our current study. The sample size is relatively small. Further animals experiment and cells experiment are needed to confirm our viewpoint.
Conclusion
Our results are the first to elucidate that serum irisin levels and volume overload are closely associated with PEW in PD patients. However, volume overload has no direct relationship with irisin levels. Our results hint that irisin supplement may be a new therapeutic direction for ameliorating PEW in PD patients. Strict volume control strategies are also important in improving nutrition status in dialysis patients.
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